We study quasar clustering on small scales, modeling clustering amplitudes using halo-driven dark matter descriptions. From 91 pairs on scales <35 h À1 kpc, we detect only a slight excess in quasar clustering over our best-fit large-scale model. Integrated across all redshifts, the implied quasar bias is b Q ¼ 4:21 AE 0:98 (b Q ¼ 3:93 AE 0:71) at $18 h À1 kpc ($28 h À1 kpc). Our best-fit (real space) power index is $À2 [i.e., (r) / r À2 ], implying steeper halo profiles than currently found in simulations. Alternatively, quasar binaries with separation <35 h À1 kpc may trace merging galaxies, with typical dynamical merger times t d $ (610 AE 260)m À1 = 2 h À1 Myr, for quasars of host halo mass m ; 10 12 h À1 M . We find that UV-excess quasars at $28 h À1 kpc cluster >5 times higher at z > 2 than at z < 2, at the 2.0 level. However, as the space density of quasars declines as z increases, an excess of quasar binaries (over expectation) at z > 2 could be consistent with reduced merger rates at z > 2 for the galaxies forming UV-excess quasars. Comparing our clustering at $28 h À1 kpc to a (r) ¼ (r/4:8 h À1 Mpc) À1:53 power law, we find an upper limit on any excess of a factor of 4:3 AE 1:3, which, noting some caveats, differs from large excesses recently measured for binary quasars, at 2.2 . We speculate that binary quasar surveys that are biased to z > 2 may find inflated clustering excesses when compared to models fit at z < 2. We provide details of 111 photometrically classified quasar pairs with separations <0.1 0 . Spectroscopy of these pairs could significantly constrain quasar dynamics in merging galaxies.
INTRODUCTION
Galaxy formation and quasar activity are becoming irrevocably linked in the wake of mounting evidence that most local galaxies contain supermassive black holes (Kormendy & Richstone 1995; Richstone et al. 1998 ) with dynamical masses that correlate to many properties of the galaxies' spheroidal component (e.g., Magorrian et al. 1998; Silk & Rees 1998) . Galaxy mergers are a likely progenitor of new massive systems (e.g., Heckman et al. 1986) , so, in turn, quasar formation is strongly linked to galaxy merger activity. At redshifts of z k 2, where gas is abundant, the mergers of gas-rich galaxies provided ample baryons to fuel vigorous UV-excess (UVX) quasar activity (e.g., Hopkins et al. 2006) . As baryons were depleted in the universe the merging of gasrich galaxies shifted to lower masses (e.g., Croom et al. 2005; Hopkins et al. 2006 ) and UVX activity became scarcer, consistent with the observed decline in UVX quasars since z P 2 (e.g., Croom et al. 2004 ).
Unified models of quasar and galaxy formation are physically complex and require new constraints from large data sets. In particular, as quasar formation is driven by mergers of gas-rich galaxies on dark matter halo scales, small-scale quasar clustering is almost certainly a tracer of galaxy merger activity (e.g. , Djorgovski 1991; Schneider 1993; Kochanek et al. 1999; Mortlock et al. 1999 ). It is not yet clear whether quasar activity is triggered in both of two merging galaxies or, rather, quasar pairs are just tracing highly biased regions of the universe where many different merger events have occurred within a small volume. Of course, these two processes might dominate on different scales (e.g., Hopkins et al. 2006) . In either case, models of galaxy mergers and quasar formation should be usefully constrained by measurements of quasar clustering on small scales, and by any redshift evolution in quasar clustering on small scales.
Measuring quasar clustering on small scales (where the total volume occupied by quasars dwindles) is limited by the number of known quasars. Further, in redshift surveys that utilize multiobject spectrographs, fiber collisions can restrict the number of pairs observed, even on arcminute scales (e.g., see Fig. 11 of Croom et al. 2004) . One method to improve clustering statistics on kiloparsec scales is to compile selections of quasar pairs observed for different purposes. Hennawi et al. (2006, hereafter H06) used such an approach and found that quasars cluster $10 times higher than expected on scales of 40 h À1 kpc, growing to $30 times higher at $10 h À1 kpc. However, as the sample used by H06 was compiled via several techniques, and nominally to target both gravitational lenses and quasars that trace the Ly forest, their selection function is quite complex.
Many of the problems with studying quasar clustering on small scales could be circumvented by using a complete sample of photometrically selected objects that carried a high likelihood of being quasars. Until recently, star-quasar separation was insufficient to create such a sample (e.g., $60% efficiency in the 2dF QSO Redshift Survey; Croom et al. 2004) . However, the photometrically classified sample of Richards et al. (2004) has highly efficient star-quasar separation ($95%; Richards et al. 2004; Myers et al. 2006 Myers et al. , 2007 and offers a unique opportunity to study quasar clustering on kiloparsec scales using a sample with well-controlled statistical selection. Myers et al. (2006) demonstrated a proof-of-concept clustering analysis of $80,000 photometrically classified quasars at redshifts below $2.5. In this series of papers, we extend this work to $300,000 such objects drawn from the fourth data release (DR4) of the Sloan Digital Sky Survey (SDSS; e.g., Stoughton et al. 2002; Abazajian et al. 2003 Abazajian et al. , 2004 Abazajian et al. , 2005 . Our goal in this paper is to quantify the amplitude of the small-scale clustering of quasars. In a companion paper (Myers et al. 2007 , hereafter Paper I), we study the redshift and luminosity evolution of quasar clustering on larger scales ($50 h À1 kpc to $20 h À1 Mpc). The ''KDE'' data sample used in this paper, which is constructed using the kernel density estimation (KDE) technique of Richards et al. (2004) , is detailed in Paper I. The KDE technique is made viable by many technical aspects unique to the SDSS (e.g., York et al. 2000) , including superior photometry (e.g., Fukugita et al. 1996; Gunn et al. 1998; Lupton et al. 1999; Hogg et al. 2001; Smith et al. 2002; Ivezic et al. 2004) , astrometry (e.g., Pier et al. 2003) , and data acquisition (e.g., Gunn et al. 2006; Tucker et al. 2006) . Our analysis methodology is discussed in depth in the Appendices of Paper I. The only additional technique in this paper is our deprojection of angular power laws of the form ! QQ () ¼ A À ; we use the fact that , the slope of the real-space correlation function [(r) / r À ], can be derived via ¼ 1 þ (see, e.g., Myers et al. 2006) . Throughout this paper, we use the Schlegel et al. (1998) maps to estimate Galactic absorption. We adopt ÃCDM with ( m , Ã , 8 , À, h H 0 /100 km s À1 Mpc À1 ) = (0.3, 0.7, 0.9, 0.21, 0.7) as our cosmology, where À is the shape of the matter power spectrum.
VISUAL INSPECTION OF THE SMALL-SCALE KDE PAIRS
We do not explicitly mask the KDE sample for the standard mask holes available in the SDSS Catalog Archive Server, because the density of KDE objects is too low for significant numbers to fall in the masks. We have previously checked that this makes no difference to our analysis on large scales, but it is rigorous to check whether our pairs are particularly biased on small scales, perhaps by fractured objects near bright stars. In pursuit of this, we visually inspected images of each of the 135 KDE pairs that have separations of Á < 0:1 0 . We find that only 1 of the 110 (2:4 00 < Á < 6 00 , A g < 0:21) small-scale pairs in our analyzed area lies within a standard SDSS imaging mask; this object alone would have a negligible affect on our analysis or conclusions.
Visually inspecting the small-scale pairs led to the discovery of a number of dubious pairs that do not lie within standard SDSS masks but are obviously not genuine quasars. These are generally H ii regions in various galaxies (a known contaminant of SDSS objects with starlike photometry). In all, we determined that 24 of the 135 Á < 0:1 0 KDE pairs, and 18 of the 110 (2:4 00 < Á < 6 00 , A g < 0:21) pairs in our analyzed area, are not quasars. In general these dubious pairs have discrepant photometric redshifts, particularly compared to the redshift bins we use in this paper (in fact only three of these pairs lie in a shared bin, for bins as plotted in Figure 3 -all three in the 0:4 z phot < 1:0 bin). Throughout this paper we additionally correct our results to account for those objects that are really H ii regions (as well as the one smallscale pair that lies in a standard SDSS mask hole), on our Á < 0:1 0 scales of interest. The 111 KDE pairs with separations of Á < 0:1 0 that are neither H ii regions nor lie in a standard SDSS mask hole are recorded in Table 1 .
To check that masked objects and H ii regions are not a general contaminant in the KDE data, we visually inspected 1000 randomly selected DR4 KDE objects. Only 4/1000 objects lay in masks or were H ii regions. A contamination of 0:40 AE 0:32 0:19 % is far lower than our expected stellar contamination, well within our error bars on all scales, and far too small to affect our analyses (other than as discussed on very small scales where H ii regions can mimic quasar pairs).
EXCESS QUASAR CLUSTERING ON SMALL SCALES
In Figure 1 we show the autocorrelation function of objects in the DR4 KDE catalog. In combination, the points plotted in Figure 1 on scales <0.1 0 rule out our best-fit large-scale bias model (eq. [A6] of Paper I, with b Q ¼ 2:41) at 2.2 (i.e., >97%), using Poisson errors, which are valid on these scales (e.g., Myers Notes.-Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. Note that u and g are ''as observed'' (they have not been corrected for Galactic extinction). Sources and additional notes as follows: (a) DR4 Catalog Archive Server (e.g., likely Schneider et al. 2005) . ( b) Hennawi et al. (2006) . (c) Sramek & Weedman (1978) and Djorgovski & Spinrad (1984) . (d ) Probable binary quasar-starburst ( Brotherton et al. 1999 ). An asterisk ( Ã ) indicates objects in Galactic regions with absorption A g > 0:21. These were not included in our main analysis, as it is known (see, e.g., Myers et al. 2006 or the Appendices of Paper I ) that such objects have a higher probability of being stars. A single question mark (?) indicates objects with low-confidence redshift. A double question mark (??) indicates a high-probability lens (as recorded at http://cfa-www.harvard.edu/castles). Table 1 À0:912AE0:045 ; P < 2 ¼ 0:622]. We proceed by measuring the amplitude of the innermost two points plotted in Figure 1 relative to our best-fit bias model and relative to a linear bias model. Of course, we do not necessarily expect the models of Smith et al. (2003, hereafter S03) to be accurate on kiloparsec scales, but they nevertheless provide a reasonable phenomenological description of dark matter, and other authors may well combine such models with astrophysical factors to try to reproduce kiloparsec-scale quasar clustering.
The innermost two bins ( < 0:1 0 ) in Figure 1 cover 2:4 00 < < 3:8 00 ($14 to 22 h À1 kpc atz ¼ 1:4, the mean redshift of our sample) and 3:8 00 < < 6 00 ($22Y35 h À1 kpc). Contamination by pairs that are a single lensed source is unlikely, particularly for > 3 00 (e.g., H06). On these two scales, ! is 3:05 AE 1:42 and 2:65 AE 0:96 times higher than our best-fit large-scale bias model, and 17:7 AE 8:2 and 15:4 AE 5:5 times higher than a linear bias model. This suggests that adequate modeling of quasar clustering, atz $ 1:4, will require b Q ¼ 4:21 AE 0:98 (b Q ¼ 3:93 AE 0:71) on 18 h À1 kpc (28 h À1 kpc) scales relative to the ÃCDM description of S03. We find that it is immaterial on these scales whether we include stellar contamination (see x B1 of Paper I ) in our modeling or vary the large-scale cutoff of our fits, as such changes only affect our b Q estimates by a few percent; this is illustrated in Figure 1 , where the amplitude of the model autocorrelation on small scales is clearly unchanged by incorporating stellar contamination.
EVOLUTION IN QUASAR CLUSTERING ON SMALL SCALES
In Figure 2 we split our sample by photometric redshift and recalculate the quasar autocorrelation in each bin (see Myers et al. 2006 for validation of this technique). Figure 2 suggests that excess quasar clustering is apparent on scales of P35 h À1 kpc at all redshifts. Again we apply the S03 models as a phenomenological description of the underlying dark matter. We allow the quasar bias b Q to evolve with redshift to best fit the data, and derive the implied b Q values on small scales (see Fig. 3 ).
Figure 3 (see also Table 2) implies that $5 times as many UVX quasar pairs existed at z > 2 than at z < 2, on scales of $28 h À1 kpc. This rises to $6.5 times as many relative to the largescale expectations at each redshift. A model with constant b Q across 0 < z phot < 2:5 is rejected by the data for the best-fit b Q ¼ 4:14 (P < 2 ¼ 0:083). Although 2 may be misleading for so few constraints, our single data point at z > 2 rules out b Q ¼ 4:14 at the 1.8 level, consistent with the 2 rejection. In x 3.2 of Paper I, we noted that because of our use of photometric redshifts, our points in the lowest and highest redshift bins are at least 10% too high and 10% too low, respectively (the other redshift bins are not biased at all by our use of photometric redshifts). Incorporating this 10% weighting into our analysis rules out the best, constant-bias model of b Q ¼ 4:00 at $95%. The highest redshift (z ¼ 2:28) point in our weighted analysis rules out b Q ¼ 4:00 at the 2.0 level. If we combine our data at z < 2 into a single inverse-variance-weighted estimate (b Q ¼ 3:82 AE 0:59) and determine whether this estimate would be rejected by the data point at z > 2, we again find that the level of rejection is 2.0 (i.e., 95.2%).
DISCUSSION

Overview and Comparison to Recent Studies
For a UVX quasar sample withz ¼ 1:4 we find that the angular quasar autocorrelation is $3.0 ($2.7) times higher than our best-fit large-scale bias model and $17.7 ($15.4) times higher than a linear bias model at $18 h À1 kpc ($28 h À1 kpc). Relative to the description of S03 (which, admittedly, may not be valid on the scales we are discussing), modeling of quasar clustering requires b Q ¼ 4:21 AE 0:98 (b Q ¼ 3:93 AE 0:71) at $18 h À1 kpc ($28 h À1 kpc). On scales of < 35 h À1 kpc, our best-fit bias model on larger scales is ruled out at 2.2 (i.e., >97%). Quasar bias therefore appears to be scale-dependent on scales <35 h À1 kpc. Very few studies have been able to probe quasar clustering down to scales of a few arcseconds. The most impressive is H06, who detected excess quasar clustering of a factor of $10 ($30) at P40 h À1 kpc (P15 h À1 kpc). However, their sample was initially constructed from a candidate sample of gravitational lenses, complicating their color selection. Further, H06 measure their excess over a power-law derived from a UVX sample ( Porciani et al. 2004, hereafter PMN04) limited to M b J < À22:5 and 0:8 < z < 2:1, quite different from their own color, magnitude, and redshift selection. Notably, quasar clustering grows significantly at z > 2 Myers et al. 2006) , and although H06 attempt to correct for redshift evolution, they only do so to reflect the PMN04 results at z < 2:1. Further, the H06 sample, in targeting tracers of the Ly forest, may be biased toward z > 2. By contrast, the selection of our KDE sample is very uniform. Our pairs will contain some stars, and our result is angular (as opposed to that of H06, who use redshift information). However, as noted in x 3 stellar contamination has little affect at <1 0 and our sample size will offset the angular nature of our analysis, particularly as velocity effects can complicate redshift-space clustering measurements on kiloparsec scales. Table 1 illustrates that 19 of the small-scale binary quasars detected by H06 are also included in our analysis. In fact, for objects with separations of 3 00 < Á < 6 00 , all but five of the quasar pairs studied by H06 make our sample.
8 A sixth pair that we miss, SDSS J1034+0701, appears in Table 2 of H06 but is missing from the machine-readable data, and one member of this pair is at g > 21 so it could not make our sample. Of the five quasar pairs we miss, three have a member with a redshift of z ! 2:4 where the KDE selection is poor (only one of these is a true binary); one (a projected pair) has a member with redshift z $ 2:2, at the edge of our UVX color selection; and one is a quasar binary 8 The machine-readable tables in H06 suggest that we miss seven pairs, but two of these appear in multiple tables.
TABLE 2
The Evolution of Quasar Clustering at 2:4 00 < < 6 00 ($14Y35 h À1 kpc) with Photometric Redshift z phot (5): ( Upper limit on) fraction of UVX quasars that are tracing merging galaxies. Numbers in parentheses attempt to correct for our use of photometric redshifts and are based on the integrated overlap of primary photometric redshift solutions for a quasar pair in each bin. Errors are Poisson (e.g., Gehrels 1986 . We use m ¼ 3 (M DMH ¼ m ; 10 12 h À1 M ). a Values in this row are for the entire (A g < 0:21) DR4 KDE sample. Although a tiny fraction of the sample lie at z phot < 0:4, these are likely due to catastrophic z phot estimates, so we integrate over z ! 0:4 to determine n Q and n . Table 2 ) integrated over scales of 2:4 00 < Á < 6 00 ($14Y35 h À1 kpc). The triangular points represent the quasar bias b Q at a given photometric redshift, relative to the models of S03. Due to the photometric nature of the redshifts we use, estimates of b Q at the lowest and highest redshift are at least 10% too high and 10% too low, respectively (see x 3.2 of Paper I ). We illustrate this 10% correction with square points and dashed error bars. Points at other redshifts should not be biased at all by the use of photometric redshifts. Errors in this plot are based on Poisson estimates, which are valid on small scales (see, e.g., Myers et al. 2005) . [See the electronic edition of the Journal for a color version of this figure.] at z $ 1:55, only one member of which appears in the KDE catalog. As we find 98 likely quasar pairs with separations 3 00 < Á < 6 00 , it is tempting to state that we find even more of an excess of quasar clustering on small scales than the large excess found by H06. However, $100 quasar pairs on these scales is close to our expectation from large scales, and in x 5.4 we explicitly demonstrate that our results are somewhat at odds with those of H06.
Implications for the Cores of Dark Matter Halos
Alternative descriptions of dark matter on scales of <35 h À1 kpc might explain small-scale UVX quasar clustering. We find that a power-law fit to our data with slope ¼ 0:912 AE 0:045 is acceptable (P < 2 ¼ 0:483) on scales from $22 h À1 Mpc down to <35 h À1 kpc, implying a real-space correlation function slope of À(1 þ ) $ À2 [i.e., (r) $ r À2 ; see, e.g., Myers et al. 2006] . This is significantly steeper on these scales than either an NFW [ Navarro, Frenk, & White 1997; (r Peacock & Smith 2000; Seljak 2000) within the models we have utilized, so a small-scale steepening in simulated halo density profiles could help explain quasar clustering at <35 h À1 kpc. Masjedi et al. (2006) come to a similar conclusion in an analysis of the clustering of luminous red galaxies, also finding an excess over halo expectations at around <35 h À1 kpc, and a small-scale power law consistent with (r) $ r À2 on these scales.
The Merger Rate of Gas-rich Galaxies
If the S03 description is valid at small scales, then UVX quasars are distributed more densely than dark matter at <35 h À1 kpc. If quasars formed in mergers between two gas-rich galaxies and, in certain stages of the merger event, black holes at the center of both galaxies can ignite (e.g., Fig. 2 of Hopkins et al. 2006 ), then UVX quasars should be highly biased on merger scales (<35 h À1 kpc is not an unreasonable scale for the separation of merging galaxies). In such a picture, quasars have two possible and entirely distinct UVX phases, one prior to the galactic merger (a UVX quasar binary) and one postmerger (a lone UVX quasar). Under this interpretation, the number of small-scale quasar binaries might be expected to diminish with cosmic time, particularly at z < 2 as gas in the universe is depleted and mergers shift to objects with insufficient mass to produce a UVX quasar visible (e.g., Hopkins et al. 2006 ) . Such a decline at z < 2 is hinted at in Figure 3 . One might argue that for UVX binaries on small scales, b Q measures the number of merging gas-rich galaxies in the universe. We will now assess this admittedly qualitative argument. Figure 1 suggests a discrepancy at P35 h À1 kpc between dark matter models and quasars. We will proceed by inferring that at >35 h À1 kpc we trace lone UVX quasars (shining after the merger of the galaxies that triggered the quasar) but at <35 h À1 kpc we trace clustering enhancement due to the ensemble of UVX quasar binaries shining in both of two gas-rich galaxies prior to a merger. To estimate the merger timescale (the total time that quasars could be observed as a UVX pair premerger) we assume that the halos harboring UVX quasars merge on the order of a dynamical time
where d Q is the separation at which merging galaxies can begin to exacerbate UVX quasar behavior, G is the gravitational constant, and M is the total mass associated with the merging galaxies. For the purposes of this discussion, we do not care whether both UVX quasars are turned on by the merger, one quasar is extant and triggers the other, or both quasars are extant; we care only that all quasars with separations Pd Q trace galaxies that eventually merge. In essence, as soon as a quasar is within d Q of another, we cease to think of that object, whatever its history, as a lone quasar and treat it as a binary tracing a merger event.
The mass of the halo harboring a quasar postmerger will be the same as the total mass of the two parent systems. We assume that premerger UVX pairs end up shining as a typical UVX quasar postmerger, and adopt a redshift-independent mass for UVX quasars' host halos of M DMH ¼ m ; 10 To derive illustrative merger rates for the sample of UVX binaries we trace, we assume that all quasars at d P d Q are in galaxies that eventually merge. The implied comoving volume merger rate is then f ¼ f m t d n Q (e.g., Conselice 2006) , where f m is the fraction of mergers being traced by quasars (i.e., half of the fraction of UVX quasars in pairs with r P d Q ) and n Q is the space density of quasars. We derive n Q simply from the number of quasars in a redshift bin divided by the comoving volume in that bin. However, we also compare with using the luminosity function of Richards et al. (2005;  only strictly valid for M g < À22:5 quasars over the redshift range 0:4 < z < 2:1), to derive the space density (see, e.g., eqs.
[1], [2], and [3] of PMN04), denoting this n . As we do not have spectra, some of our quasar pairs will be chance alignments; further, as mergers are unlikely to occur after one dynamical time, f really represents an upper limit on merger rates.
To counteract the effect of chance alignments contaminating our quasar pairs, we can estimate merger rates via the real-space quasar autocorrelation (cf., e.g., Masjedi et al. 2006) . 9 The average number of UVX quasars within Pd Q of a companion is
The real-space correlation function, QQ (r), can be derived from the quasar bias we measured (xx 3 and 4) relative to the S03 models (see also the Appendices of Paper I):
where we average b Q values over our redshift bins and out to d Q for (normalized ) dN /dz as in Paper I. It should be noted that although the S03 models may not be valid on our scales of interest, they are merely being used here to guide the redshift evolution of clustering amplitudes that have been established by the data. The comoving volume merger rate of the galaxies traced by UVX quasars is theṅ
Values of interest arising from these models are displayed in Table 2 . In general, we consider d Q fixed at 35 h À1 kpc, as changes scale systematically with d Q . The relative values of N /n Q as a function of redshift suggest a strong increase in the number of quasar pairs at z > 2. However, the fraction of quasars in pairs that are tracing merging galaxies (2 f m ) does not seemingly increase much at z > 2, being around 0.02% for a range of redshifts >1.4. The solution to this seeming discrepancy between the fraction of quasar pairs and the excess over expectation codified in the quasar autocorrelation is the dwindling space density of quasars at z > 2. As can be seen from our estimates of , which, we note, are purely illustrative, the merger rates implied by our best guesses at the relevant parameters hold constant, or even increase slightly from z > 2 to z < 2. Hence, the changing space density of quasars means that a large amplitude for the quasar autocorrelation at z > 2, at separations P35 h À1 kpc, is not inconsistent with a steady fraction of quasar binaries as a function of redshift.
Comparison With Real-Space Small-Scale Clustering Excesses
Of particular interest in Table 2 is N /n Q , which arises simply from the correlation function and d Q (see eq.
[2]). In the table, this is expressed in h À3 Mpc 3 but one can derive the implied number of pairs within d Q compared to the expectation in real space (the integrated correlation function in real space) by dividing N /n Q by the volume of a sphere of radius d Q (V Q $ 1 h À3 Mpc 3 /5568). This yields, for instance, an apparent excess in our highest redshift bin of N /N Q $ 41;200 AE 39;000. To clarify our notation and how we specifically calculate these ratios: N /n Q ¼ 4 R r 2 QQ dr with QQ calculated as in equation (3) (cf. eq. [2]), and N /N Q ¼ R r 2 QQ dr/ R r 2 dr. We can use our N /n Q calculations to compare our measurements to the real-space clustering excesses found by H06 relative to the (r) ¼ (r/4:8 h À1 Mpc) À1:53 power law of PMN04. Weighting our values of N /n Q across the range 1:0 < z < 2:1, we find N /n Q ¼ 0:84 AE 0:35, implying N /N Q ¼ 4740 AE 1970. Note that if we had instead weighted across 0:4 < z < 2:1, our values would have increased marginally to N /N Q ¼ 5220 AE 1890. The PMN04 power law (derived over the range 0:8 < z < 2:1) implies N /N Q ¼ 3800 AE 750
700
. This means that on scales of <35 h À 1 kpc we find a real-space excess of only 1:2 AE 0:6 times.
It might be argued that we underestimate small-scale excesses, as our statistical power is at >14 h À1 kpc but our models integrate from 0 h À1 kpc, and the quasar bias may be yet higher on scales smaller than we can probe. Further, photometric image quality, given the SDSS median seeing of $1.4 00 , limits pair separations to Á k 3 00 (e.g., H06). However, we can explicitly calculate our model and data values over just our 3:8 00 < Á < 6 00 (17.7Y 35.4 h À1 kpc) bin, and we find that our real-space excess increases to a factor of 1:6 AE 0:8. One might also argue that our photometric redshifts scatter genuine quasar binaries across different redshift bins (i.e., see parenthetical values of f m in Table 2 ). To quantify this effect, we integrate over overlapping primary photometric redshift solutions in each bin, finding that we may understimate the pair fractions by as much as a factor of 2.6 across 1:0 < z < 2:1. This assumes that all pairs with overlapping photometric redshift solutions are binary quasars (i.e., no chance projections) and effectively distributes $85% of our probable quasar binaries across $65% of our sampled volume. Incorporating this correction implies a hard upper limit on any excess of 4:3 AE 1:3 (where the error is reduced to account for the extra quasar pairs) over the (r) ¼ (r/4:8 h À1 Mpc) À1:53 power law for PMN04.
If we allow for a Poisson error of AE2.4 in the factor of 10 excess claimed by H06 at P40h À1 kpc, based on the 18 quasar pairs they study with separation P40 h À1 kpc, we find our hard upper limit differs by 2.2 from their measurement on these scales. Our hard upper limit is, however, well within 1 below the steeper power-law fit quoted by PMN04, (r) ¼ (r/5:4 h À1 Mpc) À1:8 , suggesting that steeper power laws are allowed by our data, just not the larger excesses quoted by H06. We note that there are a number of important caveats to our comparison to H06:
1. Our comparison relies on the evolution of the S03 models and a constant, average b Q . Dark matter evolution may be more complex than this on kiloparsec scales, and quasar clustering evolution more complex still on scales traced by galaxy mergers. The redshift dependence of Á 2 NL (k; z) in equation (3) would then be inaccurate for our purposes.
2. H06 average over scales that we cannot fit given the SDSS photometric completeness. If, as they claim, there are extremely large excesses on scales below 3 00 (P14 h À1 kpc), this could drive their entire claimed excess at P40 h À1 kpc.
However, given that our measured clustering amplitudes are significantly higher at z > 2, we are willing to speculate that the strong excess detected by H06 is due to a selection effect, driven perhaps by the design of their analysis to target tracers of the Ly forest (which biases their sample to z > 2).
SUMMARY AND CONCLUSION
We have used a sample of $300,000 photometrically classified quasars from SDSS DR4, and in particular 91 independent pairs with separations of 2.4 00 Y6 00 , to study quasar clustering on small scales. Our main results are as follows:
1. On scales of <0.1 0 (P35 h À1 kpc), we find that quasars clusters slightly higher (2.2 ) than our best-fit large-scale model. Relative to the models of S03, which include a halo term, the required quasar bias is b Q ¼ 4:21 AE 0:98 (b Q ¼ 3:93 AE 0:71) on scales of $18 h À1 kpc ($28 h À1 kpc). 2. A pure power-law model [! ¼ (0:0469 AE 0:0048) À0:912AE0:045 ] is in agreement with our data on <0.1 0 scales. Assuming that the projected real-space index of such a model would be $À2 [i.e., (r) $ r À2 ], steeper than typical theoretical dark matter density relations (e.g., Navarro et al. 1997; Moore et al. 1998) , steeper halo profiles could explain excess quasar clustering on these scales.
3. An alternative explanation is that quasars are distributed densely within halos, as compared to dark matter, on small scales. This could arise if UVX binaries are quasars being ignited in both of two merging galaxies.
4. Assuming that UVX quasars are formed in mergers that are traced by UVX binary pairs, we demonstrate that for a typical host halo mass of
Myr, in good agreement with merger simulations (e.g., Hopkins et al. 2006; Conselice 2006 ) . Under similar assumptions, we derive illustrative comoving volume merger rates for the merging galaxies being traced by UVX quasars. 5. Splitting our sample into photometric redshift bins, we find (on scales of $28 h À1 kpc) b Q ¼ 3:82 AE 0:59 at z < 2, rising to at least 10% higher than 10:4 AE 3:5 at z > 2-a growth in quasar clustering at z > 2 of 2.0 significance.
6. We demonstrate that a sharp increase in ! QQ at z > 2 could be consistent with a near-constant fraction of UVX quasars being in binaries, given reasonable assumptions about merger rates for the galaxies being traced by UVX quasar binaries. The explanation lies simply in the evolution of the space density of quasars.
7. From ! QQ and d Q , we derive the excess of quasar pairs in real space integrated over 17:7Y35:4 h À1 kpc. Over 1:0 < z < 2:1 we find an excess of a factor of only 1:6 AE 0:8 over the power law advocated by PMN04 (for 0:8 < z < 2:1). Our hard upper limit on any excess over PMN04 is 4:3 AE 1:3, which differs by 2.2 (subject to several caveats, discussed in x 5.4) from the factor of 10 excess found by H06 on scales P40 h À1 kpc. We speculate that in biasing their selection to z > 2 to target tracers of the Ly forest, H06 inflated their clustering amplitudes relative to PMN04.
In conclusion, we note that a spectroscopic survey of all 111 pairs listed in Table 1 would be very informative. Although only 72 of the 111 pairs have overlapping primary solutions for their photometric redshifts (with a mean probability of populating the primary of $83%), quasars at different redshifts separated by Á < 0:1 0 have additional scientific uses, such as using the background quasar to trace the foreground quasar in absorption. As (1 þ ! QQ ) $ 2(1 þ ! SS ) $ 2(1 þ ! QS ) at <0.1 0 , and the KDE classification efficiency is close to 95%, at most $12 of the 111 DR4 KDE pairs should contain stars. Finally, $0.9% of matches between the KDE catalog and Croom et al. (2004) are narrow-emission-line galaxies (NELGs), meaning that $2 of the 111 pairs might be a NELG-quasar pair. Pairs containing stars or NELGs will be more likely to be in the set of pairs with nonoverlapping photometric redshift solutions.
Binary quasar samples are usually perfunctorily constructed as a corollary to lens surveys, and can therefore be, for instance, originally selected from sets of two images of the same color, or compiled from several surveys with different color, redshift, or magnitude selection. For instance, using Data Release 3 (Abazajian et al. 2005) , H06 targeted only $20Y25 of the (3 00 < Á < 6 00 ) quasar pairs that would make the selection criteria of the KDE catalog, compared to the 111 DR4 pairs we list in Table 1 . This numerical discrepancy may be due to the strict color criterion insisted on by H06 to find lensed pairs (with identical colors) rather than UVX quasar binaries (which can have different colors due to, e.g., scatter in the quasar color-redshift relation). Thus, a spectroscopic survey of our 111 DR4 KDE pairs could represent the first redshift survey of quasar binaries with controlled selection, and could strongly constrain quasar dynamics on scales P35 h À1 kpc, particularly as the line-of-sight velocity difference between binaries can place strong lower limits on the dynamical masses of merging systems (e.g., Mortlock et al. 1999) . Further, such a survey would place interesting limits on the evolution in the numbers, and dynamical masses, of merging gas-rich galaxies, a key component of models of quasar and galaxy formation.
